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(54) Transmitter and transmission control method 



(57) A transmitter has a peak reducing part carrying 
out peak reduction processing; an OFDM signal gener- 
ating part generating an OFDM signal from an input in- 



formation signal; a cyclic shifting part generating a sig- 
nal obtained from cyclically shifting the OFDM signal; 
and an adding part adding the OFDM signal and the cy- 
clically shifted signal together. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] The present invention relates to a transmitter applied for radio communication, and a transmission control 
method therefor. 

10 2. Description of the Related Art 

[0002] An OFDM (orthogonal frequency division multiplexing) transmission system has taken attention as a system 
avoiding influence of inter-symbol interference, even in a multi-path transmission environment. FIG. 1 shows a con- 
figuration of a transmitter applied in the OFDM transmission system. 

15 [0003] A transmitter 1 shown includes a symbol generating part 2 to which information bits are input; a S/P (serial/ 
parallel) converting part 3 connected with the symbol generating part 2; an IFFT (inverse fast Fourier transform) part 
4 connected to the S/P converting part 3; a P/S (parallel/serial) converting part 5 connected to the IFFT part 4; a Gl 
adding part 6 connected to the P/S converting part 5 and an antenna 7 connected to the Gl adding part 6. 
[0004] When information bits are input to the symbol generating part 2, the symbol generating part 2 carries out, on 

20 the input information bit series, error correction coding, interleaving, symbol mapping and so forth, as in a single carrier 
transmission system, so as to generate transmission symbols, which are then input to the S/P converting part 3. The 
S/P converting part 3 converts the input transmission symbols in a serial form into a parallel form, and inputs the thus- 
obtained signal into the IFFT part 4. The IFFT part 4 converts the input signal into an orthogonal multi-carrier signal, 
and inputs the thus-obtained signal to the P/S converting part 5. The P/S converting part 5 converts the thus-input 

25 signal in the parallel form into a serial form, and inputs the thus-obtained signal into the Gl adding part 6. The Gl adding 
part 6 inserts guard intervals in which part of the input signal is copied. The signal thus having the guard intervals 
inserted thereto is then transmitted via the antenna 7. 

[0005] Upon carrying out the OFDM transmission, a signal having a very large amplitude in comparison to an average 
amplitude appears in the output signal of the IFFT part 4. 
30 [0006] This problem is a feature of the multi-carrier modulation system. In the multi-carrier modulation system, many 
carrier signal components individually modulated may be combined. Then some of the combined signal become to 
have large amplitudes, while some of them become to have small amplitudes. The possible maximum peak power 
amounts to a value larger than the average power by a factor of the number of subcarriers. 

[0007] The PAPR (peak to average power ratio) may in particular become problematic due to characteristics of a 
35 transmission amplifier. In the transmission amplifier, a range in which input/output characteristics of the amplifier are 

linear is limited. When a signal beyond the linear range is input, an output waveform is distorted accordingly. Thereby, 

a problem such as degradation in the transmission quality, increase in power radiation to the outside of the band, or 

such may occur. Further, it is known that, when the linear range is widened, the amplification efficiency degrades. It is 

preferable that the PAPR of transmission signal is low. 
40 [0008] As a method of reducing the PAPR, clipping (+ filtering) (for example, see the non-patent document #1 , listed 

below); a PTS method (for example, see the non-patent document #2); and a cyclic shifting method (for example, see 

the non-patent document #3) have been proposed: 

Non-patent document #1: X. Li and L. J. Cimini, "Effects of clipping and filtering on the performance of OFDM", 
45 IEEE Commun. Lett., vol. 2, no. 5, pp. 131-133, May 1998; 

Non-patent document #2: L. J and N. R. Sollenberger, "Peak-to-Average power ratio reduction of an OFDM signal 

using partial transmit sequence", IEEE Commun. Lett., vol. 4, no. 3, pp. 86-88, March 2000; 

Non-patent document#3: G. R. Hill, M. Faulknerand J. Singh, "Reducing the peak-to-average powerratio in OFDM 

by cyclically shifting partial transmit sequence", Electronics Letters, vol. 36, No. 6, pp. 560-561 , March 2000; and 
so Non-patent document #4: Miyashita, Nishimuraetal., "Eigenbeam-Space Division Multiplexing (E-SDM)ina MIMO 

Channel", The Institute of Electronics, Information and Communication Engineers, Technical Report of IEICE, 

RCS2002-53 (2002-05). 

[0009] In the clipping, a peak is replaced by a signal which has a predetermined amplitude and the same phase as 
55 the original signal. 

[0010] FIG. 2 illustrates a configuration of a transmitter applied when peak reduction is carried out according to the 
PTS method or the cyclic shifting method. 

[0011] In this transmitter, a low peak IFFT part 8 is applied instead of the IFFT part 4 in the configuration of the 
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transmitter 1 described with reference to FIG. 1. 

[0012] A configuration of the low peak IFFT part 8 is described now with reference to FIG. 3. 
[0013] As shown in FIG. 3, the low peak IFFT part 8 includes a separated IFFT part 8-1, a combining part 8-2 con- 
nected to the separated IFFT part 8-1. The combining part 8-2 includes peak reducing parts 8-21 and 8-22 connected 
5 to the separated IFFT part 8-1 , a peak reduction control part 8-23 connected to the peak reducing parts 8-21 and 8-22 
and the separated IFFT part 8-1, and an adding part 8-24 connected to the peak reducing parts 8-21 and 8-22. The 
adding part 8-24 includes a plurality of adders connected to the peak reducing parts 8-21 and 8-22. An output signal 
of the adding part 8-24 is input to the P/S converting part 5. 

[0014] In this method, the separated IFFT part 8-1 divides a plurality of input subcarriers into a plurality of groups, 
io for example, N G groups (N G is an integer and N G > 1), and carries out IFFT thereon. The configuration of the separated 
IFFT part 8-1 is illustrated with reference to FIG. 4 for example in which 8 points of IFFT are divided into two groups. 
[0015] The separated IFFT 8-1 includes a first IFFT part 8-11 and a second IFFT part 8-12. For example, for gener- 
ating temporal signals corresponding to f(0) through f(3), a signal to be transformed are input to the f(0) through f(3) 
of the first IFFT part 8-11, while 0 is input to f(4) through f(7). In this configuration, since the two IFFT parts 8-11 and 
15 8-12 are used, a calculation amount becomes double compared with the case that the dividing is not carried out is 
required for the IFFT processing. 

[0016] The IFFT output in the configuration of FIG. 1 is equal to the sum of the outputs of the first and second IFFT 
parts 8-11 and 8-12. 

[0017] In this system applying the PAPR reduction according to the cyclic shifting method or the PTS method, the 
20 peak reducing parts 8-21 and 8-22 carry out cyclic shifting or phase rotation on the input signals [F(0) F(1) ... F(N FFT . 1 )]. 
After that, the thus-obtained signal components are added by the adding part 8-24. The peak reduction control part 
8-23 controls the cyclic shifting amount or the phase rotation amount in such a manner as to reduce the peak appearing 
in the output signals. Thereby, generation of a large peak is suppressed. 

[001 8] Further, it is noted that, when such processing is carried out in the transmitter, the shift amount of the phase 
25 rotation should be notified of to a receiver. As a method of notifying of the information, for example, a method of utilizing 
a control signal, a method which applies the same shift amount or phase rotation on pilot signal and data signal, or 
such may be applied. 

SUMMARY OF THE INVENTION 

30 

[0019] However, the following problems may occur in the above-described background arts: 
[0020] That is, in a case where the clipping (+ filtering) is applied to reduce the PAPR, orthogonality among the 
subcarriers may not be kept, inter-subcarrier interference may occur, and thus, transmission performance may degrade. 
[0021] In a case where the PTS method or the cyclic shifting method is applied to reduce the PAPR, the control 
35 signal is required as mentioned above, and thus, a separate channel should be provided for the control signal. 

[0022] Further, it is necessary to carry out, in a receiver upon receiving a transmitted signal, operation inverse to the 
peak reducing operation when the same signal is transmitted. 

[0023] According to the related art, a plurality of IFFT parts are required for in the transmitter. 
[0024] The present invention has been devised in consideration of the situation, and an object of the present invention 
40 is to provide a transmitter and a transmission control method by which peak reduction can be carried out without the 
necessity of transmission of the control signal for the peak reduction processing. 

[0025] For this purpose, according to the present invention, a transmitter includes: a peak reducing part carrying out 
peak reduction processing; an OFDM signal generating part generating an OFDM signal from input information signal; 
a cyclic shifting part generating a signal obtained from cyclically shifting the OFDM signal; and an adding part adding 

45 the OFDM signal and the cyclically shifted signal together. In this configuration, peak suppression can be carried out 
[0026] Further, a shift amount determining part determining a shift amount based on at least one of the OFDM signal 
and an output signal of the adding part may be provided, wherein: the cyclic shifting part may generate the signal 
cyclically shifted from the OFDM signal based on the shift amount determined by the shift amount determining part. In 
this configuration, the shift amount can be controlled, and thus, it is possible to achieve PARR reduction more effectively. 

so [0027] Further, a weight generating part generating, based on the OFDM signal, weights for the OFDM signal and 
the cyclically shifted signal in such a manner that a peak power may be reduced; and a multiplying part multiplying the 
OFDM signal or the cyclically shifted signal with the weights generated by the weight generating part may be provided, 
wherein: the adding part may add the output signals of the multiplying part together. In this configuration, the shift 
amount can be controlled, and the cyclically shifted signal can be multiplied with a complex coefficient. Accordingly, it 

55 is possible to carry out peak power reduction more efficiently. 

[0028] Further, the weight generating part may determine the weights w 1 and w 2 as follows: 
[0029] It is ideal to determine the weights such that: 
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| Sl '| = |s 2 '|, 

where: 

5 

s 1 ' = w 1 x s(tp) + w 2 x s (mod (tp - 1' + N FFT , 
Nfft)) 

10 

s 2 ' = w 2 x s(mod(tp + t', Nppj)) + w 1 x s(tp), 

where w.,, w 2 denote the weights, 
15 mod denotes a remainder operator; and 

Nppj (N FFT is an integer and N FFT > 0) denotes an FFT point. 
[0030] However, actually, it is not possible to directly calculate the weights satisfying the above-mentioned require- 
ments. Therefore, although the weights actually obtained are not necessarily those strictly satisfying these require- 
ments, the weights are calculated by the following method: 
20 [0031] The amplitudes of s(tp+t') and s(tp-t') are compared, and the phase of the symbol having a smaller amplitude 
may become opposite from a phase of s(tp), 

where s(tp) denotes a symbol causing a peak of the OFDM signal. 
[0032] The weight generating part may determine a phase rotation angle according to the following requirements, 
where: 

25 (iii) 9 denotes the phase rotation angle; and 

s(tp) denotes a symbol causing a peak of the OFDM signal, 

8, = m - [arg(s(mod(tp - 1 + N FFT , N FFT ))) - 

30 

arg(s(tp))]; 



9 2 = 7t-[arg(s (mod(tp + t, N FFT )) - 
arg(s(tp))]; 



and 



9 = {|s(mod(tp+t, N FFT ))| x 9., + |s(mod (tp-t+N FFT , 
N FFT ))I X 9 2 }/{|s(mod(tp-t+N FFT , N FFT )| + |s(mod (tp+t, N FFT ))|}, 



where mod denotes a remainder operator; and 
N FFT (N FFT is an integer and N FFT > 0) denotes an FFT point. 
[0033] Thus, the phase rotation angle can be obtained. 

[0034] Further, the shift amount determining part may determine the shift amount so that a value calculated by the 
following formula may be equal to or more than a fixed value: 

Re{s(tp+f) x s(tp-t')/s(tp) 2 } 



where: 

55 

s(tp) denotes a symbol causing a peak of the OFDM signal, 
and t' denotes the shift amount; and 

the weight generating part may generate the weights based on the shift amount. 
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[0035] Thereby, it is possible to estimate the shift amount without calculating the weights. 

[0036] Further, a plurality of the cyclic shifting parts may be provided, wherein: the shift amount determining part 
may determine the shift amount for each of the plurality of cyclic shifting parts based on at least one of the OFDM 
signal and the cyclically shifted signal; and the weight generating part may generate the weights based on at least one 
5 of the OFDM signal and the cyclically shifted signal. Thereby, it is possible to effectively determine the shift amount 
and the complex coefficients. 

[0037] Further, the shift amount determining part may determine a maximum shift amount in such a manner that the 
following requirements may be met, when a scattered pilot signal is applied: 

10 

((the number of FFT points )/(pilot signal 
inserting interval)) > (maximum shift amount) + (impulse 



based on an input impulse and a pilot signal, where the pilot signal inserting interval is an interval in a frequency 
direction. In this configuration, it is possible to control the shift amount within a fixed amount, and it is possible to 
satisfactorily estimate transmission characteristics also for a subcarrierfor which the scattered pilot signal is not inserted 

20 by means of interpolation in the frequency direction. 

[0038] Further, a plurality of peak reducing parts, connected together in series or in parallel may be provided; wherein: 
each peak reducing part may includes: an OFDM signal generating part generating an OFDM signal from input infor- 
mation signal; a cyclic shifting part generating a signal cyclically shifted from the OFDM signal; and an adding part 
adding the OFDM signal and the cyclically shifted signal together. Thereby, it is possible to achieve different types of 

25 processing to be carried out by the respective ones of the plurality of the peak reducing parts, and thus, it is possible 
to efficiently carry out the peak suppression. 

[0039] Further, a plurality of antennas may be provided, wherein: the shift amount determining part and the weight 
determining part may determine at least the shift amount and the weights in such a manner that the same may be 
different for each antenna. Thereby, it is possible to avoid a situation in which channels from transmission antennas 

30 to reception antennas become related to each other and thus the respective channels are hardly separated. Accordingly, 
signal separation can be easily achieved, and thus error rate characteristics can be improved. 
[0040] Further, a coefficient generating part determining a plurality of the shift amounts and the weights; a transmis- 
sion weight generating part generating a second channel estimation value and generating a plurality of transmission 
weights, based on a channel estimation value, the plurality of shift amounts and weights; an ESDM signal generating 

35 part generating a plurality of ESDM signals based on the plurality of transmission weights; and a selecting part selecting, 
from the plurality of ESDM signals, a signal having a low peak, may be provided. Thereby, it is possible to obtain the 
number of transmission signal candidates, the same as the number of sets of the shift amounts and the complex 
coefficients. Then, thereamong, the transmission signal having the reduced peak can be selected. 
[0041] Further, according to the present invention, a transmission control method for a transmitter carrying out peak 

40 reduction processing, includes the steps of: a) generating an OFDM signal from an input information signal; b) gener- 
ating a signal cyclically shifted from the OFDM signal; and c) adding the OFDM signal and the cyclically shifted signal 
together. Thereby, it is possible to effectively carry out peak suppression. 

[0042] Thus, according to embodiments of the present invention described below, it is possible to provide the trans- 
mitter and the transmission control method by which peak reduction can be achieved without the necessity of trans- 
45 mitting a control signal concerning the peak reduction processing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] Other objects and further features of the present invention will become more apparent from the following 
so detailed description when read in conjunction with the following drawings: 

FIG. 1 shows a block diagram illustrating an OFDM transmitter; 

FIG. 2 shows a block diagram illustrating an OFDM transmitter carrying out peak reduction; 
FIG. 3 shows a block diagram illustrating a low peak IFFT part; 
55 FIG. 4 shows a block diagram illustrating a separated IFFT part; 

FIG. 5 shows a block diagram illustrating a transmitter according to a first embodiment of the present invention; 
FIGS. 6 and 7 show block diagrams illustrating a transmitter according to a second embodiment of the present 
invention; 
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FIG. 8 shows a block diagram illustrating a transmitter according to a third embodiment of the present invention; 
FIG. 9 shows a block diagram illustrating a transmitter according to a fourth embodiment of the present invention; 
FIG. 10 shows a block diagram illustrating a transmitter according to a fifth embodiment of the present invention; 
FIGS. 11 through 13 show block diagrams illustrating a transmitter according to a sixth embodiment of the present 
5 invention; 

FIG. 14 shows a block diagram illustrating a transmitter according to a seventh embodiment of the present inven- 
tion; 

FIG. 15 shows a block diagram illustrating a transmitter according to a ninth embodiment of the present invention; 
FIG. 16 shows a block diagram illustrating a transmitter according to a tenth embodiment of the present invention; 
io FIG. 1 7 shows a block diagram illustrating a transmitter suppressing a peak component of a transmission output; 

and 

FIG. 18 shows a block diagram illustrating a transmitter according to an eleventh embodiment of the present 
invention. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0044] Embodiments of the present invention are described with reference to figures. 

[0045] Throughout the figures illustrating the embodiments of the present invention, the same reference numerals 
are given to parts/components having the same functions, and duplicated description therefor is omitted. 

20 [0046] With reference to FIG. 5, a transmitter according to a first embodiment of the present invention is described. 
[0047] The transmitter 100 in the first embodiment includes a symbol generating part 101 to which information bits 
are input; a S/P (serial/parallel) converting part 102 connected with the symbol generating part 101; an IFFT (inverse 
fast Fourier transform) part 103 connected to the S/P converting part 102; a P/S (parallel/serial) converting part 104 
connected to the IFFT part 103; a peak reducing part 105 connected to the P/S converting part 104; and a Gl adding 

25 part 106 connected to the peak reducing part 105. The peak reducing part 105 includes cyclic shifting parts 105-^ 
through 105-1k (k is an integer and k > 0) and an adding part 105-2 connected to the P/S converting part 104. The 
cyclic shifting parts 105-^ through 1 05-1 k are connected to the adding part 105-2, which is connected to the Gl adding 
part 106. 

[0048] The symbol generating part 101 carries out, on the input information bit series, error correction coding, inter- 
30 leaving, symbol mapping and so forth so as to generate transmission symbols, which are then input to the S/P converting 
part 1 02. The S/P converting part 1 02 converts the input transmission symbols in a serial form into a parallel form, and 
inputs the thus-obtained signal into the IFFT part 103. The IFFT part 103 transforms the input signal into an orthogonal 
multi-carrier signal, and inputs the thus-obtained signal to the P/S converting part 104. The P/S converting part 104 
converts the thus-input signal in the parallel form into a serial form, and inputs the thus-obtained signal into the peak 
35 reducing part 1 05. Processing in the peak reducing part 1 05 is described next. Each of the cyclic shifting parts 1 05-1 1 
through 1 05-1 k generates a signal shifted by a shift amount different from each other, and inputs the thus-obtained 
signal to the adding part 105-2. 

[0049] The adding part 105-2 adds the signal from the P/S converting part 104 with the signals from the respective 
cyclic shifting parts 105-^ through 1 05-1 k, together, and inputs the thus-obtained signal to the Gl adding part 106. 
40 The Gl adding part inserts a guard interval which includes a copy of a part of the given signal. The thus-obtained signal 
is then transmitted via the antenna. 

[0050] In this case, the shift amounts of the respective cyclic shifting parts 105-11 through 1 05-1 k should be deter- 
mined. These shift amounts may be fixed. For example, the shift amount of i-th cyclic shifting part can be i points. 
[0051] Next, it is proved that peak voltage suppression effect is obtained if fixed shift amounts are applied. 
45 [0052] First, a symbol having the maximum amplitude in the transmission signal s(t)is referred to as s max . Further, 
a symbol max(|s'(t)|) having the maximum amplitude in the transmission signal s'(t) obtained after the peak suppression 
processing is carried out, is referred to as s' max . 
[0053] When 

50 s' max = 0.5 X (s(t1) + s(t2)), 

and 

55 

s(t1) = s max , 

then 
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s' max = 0.5 X (s max + s(t2)). 
[0054] If |s max | < |s' max |, the following formulas hold: 

|s max |<|0.5 X (s max + s(t2))|, 



10 |S ma xl < Is(t2)|. 

[0055] This result contradicts |s max | > |s(t2)|. 

[0056] Further, when s(t1) * s max , and assuming that |s(t1)| > |s(t2)| and |s max | < |s' max |, the following formulas hold: 

|S m axl < Is'maxl = I0.5 X (s(t1) + S(t2))|, 
15 |S max K|0.5X(s(t1) + S(t2))|, 
|S m axl < Is(t1)|- 

[0057] This result contradicts |s max | > |s(t1)|. 
[0058] Accordingly, |s max | > |s' max | should hold. 

[0059] In this first embodiment, communication quality may differ among subcarriers as a result of amplitudes of the 
20 respective subcarriers differing thereamong in the signals obtained from the combining. However, by carrying out coding 
or code spreading in the frequency direction, it is possible to avoid such difference in the communication quality among 
the respective subcarriers. 

[0060] Further, in the transmitter 100 according to the first embodiment, transmission power of the entire transmission 
signal obtained after the peak reduction changes. However, this problem can be solved as follows. That is, a processing 
25 part is provided for normalizing the transmission power after the peak reduction, to a fixed level, whereby the trans- 
mission power is fixed. 

[0061] A transmitter according to a second embodiment of the present invention is described now with reference to 
FIG. 6. 

[0062] In the first embodiment described above, the shift amounts in the cyclic shifting parts are fixed. However, by 
30 adaptively controlling the shift amounts, it is possible to achieve PAPR reduction more effectively. 

[0063] The transmitter 100 in the second embodiment is different in a configuration of the peak reducing part from 
that of the transmitter described above with reference to FIG. 5. 

[0064] The peak reducing part 107 according to the second embodiment includes the cyclic shifting part 107-1 and 
an adding part 1 07-2 connected to the P/S converting part 1 04, and a shift amount control part 1 07-3 connected to the 
35 cyclic shifting part 1 07-1 and the adding part 1 07-2. The cyclic shifting part 1 07-1 is connected to the adding part 1 07-2, 
and the adding part 107-2 is connected to the Gl adding part 106. Description is made below assuming that only the 
single cyclic shifting part is applied, for example. 

[0065] The shift amount control part 1 07-3 determines the shift amount in such a manner that the peak of the peak 
suppressed signal obtained from the addition (by means of the addition part 107-2) may be minimized. 
40 [0066] However, if the peak detection is carried out for all the transmission symbols obtained from the addition, a 
large amount of processing is required. In order to solve this problem, the peak reducing part 108 shown in FIG. 7 may 
be applied instead of the above-described peak reducing part 107 of FIG. 6. 

[0067] The peak reducing part 1 08 includes the cyclic shifting part 1 08-1 , an adding part 1 08-2 and the shift amount 
control part 108-3 connected to the P/S converting part 104. The cyclic shifting part 108-1 is connected to the adding 
45 part 108-2, and the adding part 108-2 is connected to the Gl adding part 106. The shift amount control part 108-3 is 
connected to the cyclic shifting part 108-1. 

[0068] In this case, the OFDM signal before the Gl is inserted is input to the shift amount control part 108-3. The 
shift amount control part 1 08-3 observes only N symbols (N is a predetermined natural number not less than 1 ) causing 
a peak before the adding processing is carried out by the adding part 108-2, and selects a shift amount such as to 

so minimize the peak appearing when these symbols are added together. Alternatively, the shift amount control part con- 
nected to the P/S converting part 104 and the adding part 108-2 may be provided, and thereby, the shift amount such 
as to minimize the peak appearing from the addition may be determined based on both the peak of the peak suppressed 
signal obtained from the addition as well as the N arbitrary symbols before being added causing the peak. 
[0069] Thus, in the transmitter 1 00 according to the second embodiment, transmission is carried out after the trans- 

55 mission signal and the signal obtained from being shifted from the transmission signal by the shift amount such as to 
effectively reduce the peak are added together, and thus, peak suppression can be carried out. Further, the same 
processing may be carried out also on the pilot signal, and thus, it is not necessary to especially provide a control signal. 
[0070] In the transmitter 100 according to the second embodiment, a plurality of the cyclic shifting parts 108-1 may 
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be provided. In this case, the shift amounts are determined in a sequential manner described later. Thereby, it is possible 
to efficiently determine the shift amounts without applying all the shift amounts of all the cyclic shifting parts. 
[0071] A transmitter according to a third embodiment of the present invention is described with reference to FIG. 8. 
[0072] The transmitter 100 according to the third embodiment is different from the transmitter described with refer- 

5 ence to FIG. 5 in the configuration of the peak reducing part. 

[0073] The peak reducing part 109 according to the third embodiment includes cyclic shifting parts 109-1., through 
1 09-1 k, a shift amount and coefficient determining part 109-2 and a multiplier 109-4 connected to the P/S converting 
part 104, multipliers 109-5 1 through 109-5k connected to the cyclic shifting parts 109-1., through 1 09-1 k respectively, 
and an adding part 1 09-3 connected to the multipliers 1 09-1 through 1 09-1 k. The shift amount and coefficient deter- 

io mining part 109-2 is connected to the cyclic shifting parts 109-1., through 1 09-1 k and the multipliers 109-5 1 through 
1 09-1 k, and the adding part 109-3 is connected to the Gl adding part 106. 

[0074] In the embodiment described above, only the shift amount is controlled. According to the third embodiment, 
the multipliers 109-4, 109-5 1 through 109-5k multiply the signals obtained from the cyclic shifting and output signals 
of the P/S converting part 1 04 with complex coefficients such as to further reduce the peak power. Thereby, it is possible 
15 to effectively reduce the peak power. 

[0075] Here, a case is assumed that the single cyclic shifting part is applied, and the symbol acting as the peak in 
the OFDM signal before the peak reduction is referred to as s(tp). For a case where a cyclic shift amount in the cyclic 
shifting part is t' and coefficients for the multipliers 109-4 and 109-5 1 are w 1 and w 2 , outputs of the adding part for s 
(tp) become following two signals: 

20 

s', =w, X s(tp) + w 2 X s(mod(tp-t'+N FFT , N FFT )); 

and 

25 

s' 2 = w 2 x s(mod(tp+t', N FFT )) + w 1 x s(tp). 

[0076] Therefrom, it is seen that s(tp) contributes to the two symbols. Accordingly, it is seen that, upon applying only 
30 s(tp), max(s'1 , s'2) should be minimized. 

[0077] A method of determining the weights is described now. 

[0078] When the shift amount t' is determined, the weights are determined in such a manner that a phase of one of 
the symbols of s(tp+t')and s(tp-t') having the smaller amplitude may be opposite to a phase of s(tp), and the amplitudes 
of the weights are adjusted to make |s'.,| and |s' 2 | closer. 
35 [0079] A method of determining the phase rotation angle is described. The shift amount and coefficient determining 
part 109-2 obtains the phase rotation amount by carrying out the following calculation, where 0 denotes the phase 
ration amount to obtain: 

40 8, = m - [arg(s(mod(tp - 1 + N FFT , N FFT ))) - 

arg(s(tp))]; 



45 9 2 = 7t-[arg(s(mod(tp + t, N FFT )))- 

arg(s(tp))]; 

and 

50 

9 = {|s(mod(tp+t, N FFT ))|x 9., + |s(mod (tp-t+N FFT , 
N FFT )I X 9 2 }/{|s(mod(tp-t+N FFT , N FFT ))| + |s(mod (tp+t, N FFT ))|}. 

55 

[0080] As to the shift amount t', search may be carried out for all the shift amounts. However, a predetermined scope 
may be determined to be searched for detecting the shift amount. 

[0081] Thus, according to the third embodiment, the cyclically shifted signals are added after they are multiplied with 



EP 1 601 149 A2 



the complex coefficients. As a result, it is possible to effectively reduce the peak power. 

[0082] In the above-mentioned scheme, calculation of the weights are carried out for each shift amount, and the shift 
amount and the weights which result in peak reduction are selected. However, it is also possible to estimate the shift 
amount which achieves a large peak reduction without calculating the weights. For example, the shift amount such 
5 that Re{s(tp+t') x s(tp-t') /s(tp) 2 } may be maximum or more than a fixed value may be searched for, and then, the 
weights are calculated for the thus-obtained shift amount. 

[0083] A transmitter according to a fourth embodiment of the present invention is described with reference to FIG. 9. 
[0084] The transmitter 100 according to the fourth embodiment is different from the transmitter described with ref- 
erence to FIG. 5 in the configuration of the peak reducing part. 

10 [0085] The peak reducing part 110 according to the fourth embodiment includes cyclic shifting parts 110-1., through 
110-1k, a multiplier 110-4 and shift amount and coefficient determining part 110-2 connected to the P/S converting part 
104, multipliers 110-5 1 through 110-5k connected to the cyclic shifting parts 110-1., through 1 1 0-1 k respectively, and 
an adding part 110-3 connected to the multipliers 11 0-1 through 1 1 0-1 k. The shift amount and coefficient determining 
part 110-2 is connected to the cyclic shifting parts 110-1-, through 1 1 0-1 k the multipliers 110-1 and 110-5-, through 

15 110-5k. Further, the output signal of the adding part 110-3 is input to the shift amount and coefficient determining part 
110-2. Further, the adding part 110-3 is connected to the Gl adding part 106. 

[0086] For the above-described embodiment, the case where the single cyclic sifting part is applied has been de- 
scribed. In the fourth embodiment in which the plurality of cyclic shifting parts are applied, transmission signals are 
generated for all the cases of a plurality of previously prepared shifting amounts and weights, and, from thereamong, 

20 the signal having lowest peak should be selected to be actually transmitted. For the fourth embodiment, a method for 
determining th shifting amounts and weights effectively in the case where the plurality of cyclic shifting parts are applied. 
[0087] A case where the shift amounts and the complex coefficients are calculated repetitively is described. 
[0088] First, the shift amount and coefficient determining part 1 1 0-2 produces the peak suppressed signal only with 
the use of the output signal of the first cyclic shifting part 110-1-,. 

25 [0089] Next, the shift amount and the complex coefficient of the first cyclic shifting part 110-1-, are fixed, while, the 
transmission signal and the output signal of the first cyclic shifting part 110-1-, are added together, then, the shift amount 
and the complex coefficient of the second cyclic shifting part 110-1 2 are determined in such a manner as to suppress 
the peak of thus-obtained signal. 

[0090] At this time, the shift amount and the complex coefficient of the second cyclic shifting part 110-1 2 may be 
30 determined in such a manner that the peak in the signal obtained from combination of the outputs of the cyclic sifting 
parts 110-4, 110-5-, and 11 0-5 2 may become smaller. The same processing is carried out repetitively through the k-th 
cyclic shifting part 1 1 0-1 k. 

[0091] Thereby, it is possible to determine the shift amounts and the complex coefficients efficiently without taking 
into account all the shift amounts of all the cyclic shifting parts 11 0-1 1 through 1 1 0-1 k and the weights applied by the 
35 multipliers 110-5! through 110-5k. 

[0092] Further, in the above-described scheme of determining the complex coefficients sequentially, the average 
transmission power of all the transmission signals obtained after the peak reduction changes according to the given 
weights. This problem may be solved by providing a processing part which normalizes the average transmission power 
of the peak reduced signal. 

40 [0093] A transmitter according to a fifth embodiment of the present invention is described with reference to FIG. 10. 
[0094] In the fifth embodiment, a plurality of the peak reducing parts are connected in series. 
[0095] The peak reducing part in the transmitter 1 00 according to the fifth embodiment includes a peak reducing part 
111 connected to the P/S converting part 104, and a peak reducing part 112 connected to the peak reducing part 111. 
The peak reducing part 112 is connected to the Gl adding part 106. 

45 [0096] According to the fifth embodiment, the two peak reducing parts 111 and 112 are connected. However, more 
than two peak reducing parts may be connected instead. A configuration of each peak reducing part may be the same 
as that in the above-described embodiment. A method for determining the shift amounts and the complex coefficients 
for the respective peak reducing parts may be the same as that in the above-described embodiment. 
[0097] Thereby, it is possible to carry out peak suppression. 

so [0098] With reference to FIG. 11, a transmitter 100 according to a sixth embodiment is described. 

[0099] In the transmitter 100 according to the sixth embodiment, a plurality of peak reducing parts are provided, 
some of the peak reducing parts are disposed in parallel, and then, the outputs the peak reducing parts are connected 
as the input of another peak reducing part. 

[0100] The peak reducing parts of the transmitter 100 according to the sixth embodiment includes the peak reducing 
55 parts 113 and 114 connected to the P/S converting part 104 and the peak reducing part 115 connected to the peak 
reducing parts 113 and 114. The peak reducing part 115 is connected to the Gl adding part 106. In this case, as shown 
in FIG. 11, output signals of the peak reducing parts 113 and 114 are input to the peak reducing part 115. In this case, 
for example, as shown in FIG. 12, the output signal of the peak reducing part 113 is input to the adding part 115-2 and 
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the shift amount control part 115-3, while the output signal of the peak reducing part 114 is input to the cyclic shifting 
part 115-1 and the shift amount control part 115-3. 

[0101] It is not preferable that the peak reducing parts 113 and 114 disposed in parallel in the first stage carry out 
the same processing. Instead, for example, the first peak reducing part 113 thereof reduces the largest peak, while 
5 the second peak reducing part 114 reduces the second largest peak. Thereby, the plurality of the peak reducing parts 
carry out different processing, and thus, peak suppression can be carried out efficiently. 

[0102] Further, the number of the peak reducing parts provided in the first stage in parallel may be increased to be 
more than two. Also in this case, the configuration of the peak reducing part to which output signals of the plurality of 
peak reducing parts may be similar to that in the above-described case having the two inputs. Thereby, it is possible 
io that the more than two peak reducing parts provided in parallel carry out processing different thereamong, and thus, 
peak suppression can be carried out efficiently. 

[0103] In this embodiment, the peak reducing parts have the two-stage configuration. However, the peak reducing 
parts may have a configuration of more than two stages. Thereby, it is possible to carry out peak suppression more 
efficiently. FIG. 13 shows an example of a case where the peak reducing parts have a three-stage configuration. 

15 [0104] A transmitter 100 shown in FIG. 13 in which the peak reducing parts have the three-stage configuration in- 
cludes peak reducing parts 116 through 119 connected to the P/S converting part 104, a peak reducing part 120 con- 
nected to the peak reducing parts 116 and 117, a peak reducing part 121 connected to the peak reducing parts 118 
and 119, and a peak reducing part 122 connected to the peak reducing parts 120 and 121. The peak reducing part 
122 is connected to the Gl adding part 106. 

20 [0105] A transmitter according to a seventh embodiment of the present invention is described now. 

[0106] The configuration of the transmitter according to the seventh embodiment may be one of those described 
with reference to FIGS. 5 through 13, and duplicated description is omitted. 

[01 07] The cyclic shifting in the cyclic shifting part in the transmitter 1 00 described above may be carried out for each 
OFDM symbol. However, according to the seventh embodiment, the same shift amount, the same phase rotation 
25 amount, or the same shift amount and phase rotation amount are applied for the OFDM symbols included in a block 
or a frame. 

[0108] In this case, as a result of the above-described peak reduction processing being carried out on the OFDM 
symbols also including the pilot symbol, a channel estimation value includes the information about the shift amounts 
and the weight. Thereby, the reception processing can be carried out without the need of especially transmitting the 
30 control signal. 

[0109] A transmitter according to an eighth embodiment of the present invention is described. 

[0110] The configuration of the transmitter according to the eighth embodiment may be one of those described with 

reference to FIGS. 5 through 13, and duplicated description is omitted. 

[0111] In the above-described embodiments, no particular limitation is applied to the shift amounts to apply. However, 
35 in consideration of the channel estimation, it is essential to control the shift amount within a fixed amount. 

[0112] In the transmitter 100 according to the eighth embodiment, the length of channel impulse response is input 
to the shift amount and coefficient determining part. The length of channel impulse response length cannot be directly 
measured by the transmitter 100. However, this may be fed back from the receiver, for example. 
[0113] In a case where a scattered pilot signal is applied, the maximum shift amount should satisfy the following 
40 requirements: 

(the number of FFT points) / (pilot signal 
45 inserting interval (frequency direction)) < (impulse 

response length) + (maximum shift amount). 

[0114] Then, the peak suppression operation is carried out in a range such that the shift amount in each cyclic shifting 
so part may fall within the thus-obtained maximum shift amount. 

[0115] Thereby, it is possible to control the shift amount within the fixed amount, and, also for a subcarrier for which 
the scattered pilot signal is not inserted, transmission characteristics can be satisfactorily estimated by means of in- 
terpolation along the frequency direction. 

[0116] A transmitter according to a ninth embodiment of the present invention is described with reference to FIG. 15. 
55 [0117] The transmitter 200 according to the ninth embodiment is an embodiment in which the peak suppression 
operation in the peak reducing part described above is applied to a space division multiplexing (SDM) transmission 
system. As shown in FIG. 15, this transmitter 200 includes a plurality of transmitting parts 202 (202-1 through 202-N) 
each including the symbol generating part 101, the S/P converting part 102, the IFFT part 103, the P/S converting part 
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104, the peak reducing part 105 and the Gl adding part 106, the same as those in the transmitters described with 
reference to FIGS. 3 through 13. Also, the transmitter 200 includes antennas 201 connected to the transmitting parts 
202 (202-1 through 202-N). Each information bit is input to each symbol generating part 101 of the transmitters 202 
(202-1 through 202-N). 

5 [0118] In the space division multiplexing transmission system, different transmission signal series are transmitted 
from the plurality of antennas. Therefore, the peak suppression operations in the peak reducing parts 105 are carried 
out independently. Further, in the case where the fixed complex coefficients and shift amounts are applied, the complex 
coefficients and the shift amounts applied in the transmitters 202-1 through 202-N should be different. 
[0119] Further, the space division multiplexing transmission system may have a problem that signal separation may 

io be difficult due to overlapping of received signal points. However, by applying different amplitude/phase for each trans- 
mission antenna, it is possible to avoid a situation that channels from some transmitters becomes similar, and thus 
signal separation becomes difficult. As a result, signal separation can be carried easily, and a low error rate can be 
achieved. 

[0120] A transmitter according to a tenth embodiment of the present invention is described with reference to FIG. 16. 
15 [0121] The transmitter 300 according to the tenth embodiment is an embodiment in which the peak suppression 
operation in the peak reducing part described above is applied to an eignbeam SDM (ESDM) system (see the above- 
mentioned non-patent document #4, for example). 

[0122] The transmitter 300 of the tenth embodiment includes: an S/P converting part 301 to which data symbols are 
input; S/P converting parts 302-, through 302i; pilot inserting parts 31 1-, through 3111 connected to the S/P converting 

20 parts 302 1 through 302i; ESDM signal generating parts 303 1 through 3031 connected to the respective pilot inserting 
parts 311-| through 3111 respectively; low peak OFDM modulating parts 304-, through 304n connected to the ESDM 
signal generating parts 303 1 through 3031;, pilot inserting parts 305 1 through 305n connected to the respective low 
peak OFDM modulating parts 304 1 through 304n; antennas 306 (#1 through #n) connected to the pilot inserting parts 
305 1 through 305n respectively; a coefficient generating part 307 connected to each of the low peak OFDM modulating 

25 parts 304 1 through 304n; a feedback part 308 to which a feedback signal is input; a separating part 309 connected to 
the feedback part 308; and transmission weight generating parts 310-, through 3101 connected respectively to the 
coefficient generating part 307, the separating part 309 and the respective ESDM signal generating parts 303 1 through 
3031. In the transmitter 300 of FIG. 16, the low peak OFDM modulating parts 304., through 304n include the above- 
described IFFT parts , peak reducing parts, P/S converting parts and Gl adding parts. 

30 [0123] First, in the coefficient generating part 307, the several shift amounts and complex coefficients are previously 
determined. In the convolution series generation, the shift amounts and the complex coefficients are determined in a 
random manner. As a relation among the convolution coefficient and the shift amount/weight, the convolution series 
is [ 1 w.| w 2 ... w x ], where w x denotes the weight coefficient for a case of applying x-point cyclic shifting. There, x 
corresponds to the maximum sift amount. The convolution coefficient may be applied for all the transmission antennas 

35 in common, or, the different convolution coefficients may be applied for the respective transmission antennas. 

[0124] The feedback signal input to the feedback part 308 is input to the separating part 309. The separating part 
309 separates the feedback signal, and inputs the thus-separated signals to the transmission weight generating parts 
310! through 3101. 

[0125] Each of the transmission weight generating parts 31 0-, through 3101 obtains a transfer function for the receiver 
40 from the input of the peak reducing part, that is, the coefficient generating part 307 generates signals of frequency 
domain corresponding to the generated coefficients, and outputs the same to the transmission weight generating parts 
31 0-! through 3101, which multiply the thus-obtained signals with channel values of frequency domain between the 
transmission and reception antennas. The thus-obtained transfer function is used as the channel, to calculate the 
ESDM weight. 

45 [0126] The ESDM signal generating parts 303-, through 3031 generate the ESDM signals based on signals obtained 
as a result of: the input symbols being S/P converted by means of the S/P converting part 301, the thus-obtained 
respective symbols being further S/P converted by means of the S/P converting parts 302., through 302i, and then, 
the pilot signals being inserted thereto by means of the pilot inserting parts 311., through 3111, as well as the ESDM 
weights. 

so [0127] The low peak OFDM modulating parts 304-, through 304n carry out OFDM modulation on the ESDM signals 
in which the pilot signals are inserted. In this case, each of the low peak OFDM modulating parts 304-, through 304n 
carries out the same processing as the above-described IFFT part, peak reducing part, P/S converting part and Gl part. 
[0128] The OFDM signals have pilot signals inserted thereto by means of the pilot signal inserting parts 305., through 
305n, and are transmitted. The pilot signals inserted there undergo neither the multiplication with the ESDM weights 

55 nor the peak reducing processing, and therefore, signals having low peaks should be previously selected as the pilot 
signals. 

[0129] The pilot signals inserted in the pilot signal inserting parts 305-, through 305n have not undergone the peak 
reduction processing as well as multiplying with the ESDM weights, and thus, the values estimated from these pilot 
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signals are the pure channel estimation values. These values are fed back to the transmitter, and are applied to generate 
the transmission weights. However, these channel estimation values are not those reflecting the peak reduction 
processing carried out in the transmitter. Therefore, it is not possible to directly detect the signals with the use of these 
channel estimation values. 

5 [0130] On the other hand, the pilot signals inserted in the pilot inserting parts 311., through 3111 have undergone 
the peak reduction processing, and thus, the channel estimation values detected from these pilot signals can be applied 
as the channel estimation values to detect the received signals. 

[0131] By applying the above-described configuration, plural candidates of the transmission signals are obtained. 
Then, it is possible to select therefrom the transmission signals having the lowest peaks, and transmit the same. The 
io number of these candidates of the transmission signals obtained is the same as the number of sets of the shift amounts 
and the complex coefficients. 

[0132] A transmitter according to an eleventh embodiment of the present invention is described with reference to 
FIGS. 17 and 18. 

[0133] The transmitter 400 in the eleventh embodiment employs the above-described peak suppression processing 

15 in the peak reducing part applied to a peak reduction method, in which each of the thus-obtained plurality of time- 
domain signal components is compared with a predetermined allowable peak level, the peak component exceeding 
the allowable peak level is thus detected, Fourier transform is carried out on the peak component, the thus-obtained 
frequency domain component is subtracted from the plurality of subcarrier signal components, and thus, the peak 
component of the transmission output is suppressed. 

20 [0134] First, a configuration of the transmitter not including the above-described peak suppression operation in the 
peak reducing partis applied thereto is described with reference to FIG. 17. This transmitter includes a S/P converting 
part 12 in which information bits are input; adders 24 0 through 24 1 . 1 connected to the S/P converting part 12; an inverse 
Fourier transform (IFFT) part 13 connected to the adders 24 0 through 24-,..,; a P/S converting part 14 connected to the 
inverse Fourier transform part 13; a Gl inserting part 15 connected to the P/S converting part 14; an allowable peak 

25 level setting part 21 for setting an allowable peak level Cth; a peak component detecting part 22 connected to the 
allowable peak level setting part 21 and the S/P converting part 24 for detecting a peak component exceeding the 
allowable peak level Cth from the output of the S/P converting part 24; a Fourier transform part 23 connected to the 
peak component detecting part 22 for carrying out Fourier transform (which means FFT in this case) on the peak 
component; and a filter part 25 connected to the Fourier transform part 23. The adders 24 0 through 24 1 . 1 subtract the 

30 outputs of the filter part 25 from the input signals of the inverse Fourier transform part 1 3. 

[0135] The peak component detecting part 22 has the allowable peak level Cth given by the allowable peak level 
setting part 21, subtracts the allowable peak level Cth from the level of.each time-domain signal component output 
from the S/P converting part 24, and thus, generates the peak components. However, when the level of the time-domain 
signal component is equal to or lower than the allowable peak level, the peak component detecting part 22 sets the 

35 peak component as being 0. In the transmitter configured as described above, the peak power reduction can be 
achieved. 

[0136] Further, by repeating the peak reduction processing until the levels of all the time-domain signal components 
become equal to or less than the above-mentioned allowable peak level, it is possible to suppress the peak power less 
than the prescribed value without degrading the transmission performance. In this transmitter, it is possible to simplify 
40 the configuration and improve the processing speed, by previously storing, for each possible combination of the re- 
spective subcarriers components, the time-domain signal components obtained from carrying out the peak suppression 
processing including the above-mentioned inverse Fourier transform, peak component detection, Fourier transform 
and subtraction, and then, reading the thus-stored time-domain signal components corresponding to the relevant sub- 
carriers signal components. 

45 [0137] Next, with reference to FIG. 18, the transmitter according to the present embodiment, in which the above- 
mentioned peak suppression processing for the transmission output is actually applied to the transmitter described 
above, is described now. 

[0138] The transmitter 400 according to the present embodiment is an embodiment in which the peak suppression 
operation of the peak reducing part in the embodiment described above is applied to the transmitter described above 

so with reference to FIG. 17. 

[0139] The transmitter 400 includes, a symbol generating part 101 to which information bits are input; a S/P (serial/ 
parallel) converting part 102 connected with the symbol generating part 101; an IFFT (inverse fast Fourier transform) 
part 103 connected to the S/P converting part 102; subtracters 127 0 through 127 1 . 1 connected to the IFFT part 103; a 
P/S (parallel/serial) converting part 104 connected to the subtracters 127 0 through 127-,..,; a peak reducing part 123 

55 connected to the P/S converting part 104; and a Gl adding part 106 and a P/S converting part 124 connected to the 
peak reducing part 123; an allowable peak level setting part 121 for setting an allowable peak level Cth; a peak com- 
ponent detecting part 122 connected to the allowable peak level setting part 121 and detecting a peak component 
exceeding the allowable peak level Cth from the output of the S/P converting part 124; a Fourier transform part 123 
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connected to the peak component detecting part 1 22 for carrying out Fourier transform (which means FFT in this case) 
on the peak component; and a filter part 125 connected to the Fourier transform part 123. The output signal of the filter 
part 126 is input to the subtracters 127 0 through 127^^ The subtracters 127 0 through 127 1 . 1 subtract the outputs of 
the filter part 126 from the signals input to the P/S converting part 104. 

[0140] The symbol generating part 101 carries out, on the input information bit series, error correction coding, inter- 
leaving, symbol mapping and so forth so as to generate transmission symbols, which are then input to the S/P converting 
part 1 02. The S/P converting part 1 02 converts the input transmission symbols in a serial form into a parallel form, and 
inputs the thus-obtained signal into the IFFT part 103. The IFFT part 103 transforms the input signal into an orthogonal 
multi-carrier signal, and inputs the thus-obtained signal to the subtracters 127 0 through 127^^ 
[0141] The peak component detecting part 122 has the allowable peak level Cth given by the allowable peak level 
setting part 121, subtracts the allowable peak level Cth from the level of each time-domain signal component output 
from the S/P converting part 124, and thus, generates the peak components. However, when the level of the time- 
domain signal component is equal to or lower than the allowable peak level, the peak component detecting part 122 
sets the peak component as being 0. The peak component thus generated by the peak component detecting part 122 
undergoes FFT processing and filtering, and then, is input to the subractor 127 0 through 127^^ 
[0142] The subractor 127 0 through 127 1 . 1 subtract the peak components from the output signals of the IFFT part 
1 03, and input the thus-obtained signals to the P/S converting part 1 04. The P/S converting part 1 04 converts the thus- 
input signal in the parallel form into a serial form, and inputs the thus-obtained signal into the peak reducing part 123. 
Processing in the peak reducing part 1 23 carries out peak reduction processing the same as that in the above-described 
embodiment. For example, as described above with reference to FIG. 5, each of the cyclic shifting parts 105-^ through 
105-1n generates a signal shifted by a shift amount different from each other, and inputs the thus-obtained signal to 
the adding part 105-2. The adding part 105-2 adds the signal from the P/S converting part 104 with the signals from 
the respective cyclic shifting parts 1 05-1 1 through 1 05-1 n, together, and inputs the thus-obtained signal to the Gl adding 
part 106 and the S/P converting part 124. The Gl adding part inserts a guard interval which includes a copy of a part 
of the given signal. The thus-obtained signal having the guard interval inserted thereto is then transmitted via the 
antenna. On the other hand, the S/P converting part 124 converts the given signal in a serial form into a parallel form, 
and input the thus-obtained signal to the peak component detecting part 122. 

[0143] By configuring so, it is possible to expect higher PAPR reduction effect. Further, it is possible to solve a problem 
that large noise power may be included in a transmission signal if peak reduction processing has been carried out 
thereon so as to solely obtain a large peak reduction effect. 
[0144] A flow of processing in the present embodiment is as follows: 

Step 1) First, peak reduction processing is carried out by the peak reducing part 123. 

Step 2) Then, peak reduction processing is carried out by means of the parts 124 through 127. 

Step 3) Then, the peak reduction processing the same as that in Step 1 ) is carried out by the peak reducing part 1 23. 

[0145] The Steps 2) and 3) may be repeated, where processing carried out in Step 3) is the same as that carried 
out in Step 1). 

[0146] In the above-described embodiment, the peak reduction processing can be recognized as a part of the channel 
by the receiver. Accordingly, it is possible to carry out the peak reduction processing without especially using a control 
signal concerning the peak reduction processing. Therefore it is possible to configure the receiver as a common one 
without considering the peak reduction processing. 

[0147] The transmitter and the transmission control method according to the present invention can be applied to 
radio communication. 

[0148] Further, the present invention is not limited to the above-described embodiments, and variations and modifi- 
cations may be made without departing from the basic concept of the present invention claimed below. 
[0149] The present application is based on Japanese Priority Application No. 2004-155032, filed on, May 25, 2004, 
the entire contents of which are hereby incorporated herein by reference. 



1. A transmitter comprising: 

a peak reducing part carrying out peak reduction processing; 

an OFDM signal generating part generating an OFDM signal from input information signal; 
a cyclic shifting part generating a signal obtained cyclically shifted from the OFDM signal; and 
an adding part adding the OFDM signal and the cyclically shifted signal together. 
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The transmitter as claimed in claim 1 , further comprising: 

a shift amount determining part determining a shift amount based on at least one of the OFDM signal and an 
output signal of said adding part, wherein: 

said cyclic shifting part generates the signal cyclically shifted from the OFDM signal based on the shift 
amount determined by said shift amount determining part. 

The transmitter as claimed in claim 2, further comprising: 

a weight generating part generating, based on the OFDM signal, weights for the OFDM signal and the cyclically 
shifted signal in such a manner that a peak power may be reduced; and 

a multiplying part multiplying the OFDM signal and the cyclically shifted signal with the weights generated by 
said weight generating part, wherein: 

said adding part adds the output signals of said multiplying part together. 

The transmitter as claimed in claim 3, wherein: 

said weight generating part determines the weights w 1 and w 2 in such a manner that: 

phases of s(tp+t') and s(tp-t') may be opposite from a phase of s (tp), 

where s(tp) denotes a symbol causing the peak of the OFDM signal; 

^'1 = |S 2 '|, 

where: 

s^ = w 1 x s (tp) + w 2 x s(mod(tp - V + N FFT , 
Nfft)) 

s 2 ' = w 2 x s(mod(tp + t', Nppj)) + w 1 x s(tp), 

where w,, w 2 denote the weights, 

mod denotes a remainder operator; and 

Nppj (N FFT is an integer and N FFT > 0) denotes an FFT point. 

The transmitter as claimed in claim 4, wherein: 

the weights are determined such that: 

amplitudes of s(tp+t') and s(tp-t') are compared, and, the smaller one may be in opposite phase with 
respect to s(tp). 

The transmitter as claimed in claim 5, wherein: 

said weight generating part determines a phase rotation angle according to the following requirements: 

0 denotes the phase rotation angle; and 

s(tp) denotes a symbol causing a peak of the OFDM signal, 

8, = m - [arg(s(mod(tp - 1 + N FFT , N FFT ))) - 
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arg(s(tp))]; 

5 9 2 = % - [arg(s(mod(tp + t, N FFT )) - 

arg(s(tp))]; and 

10 e = {|s (mod (tp+t, N FFT ))| x + |s(mod (tp-t+N FFT , 

N FFT ))|X 9 2 }/{|s(mod(tp-t+N FFT , N FFT )| + |s(mod (tp+t, N FFT ))|}, 

where mod denotes a remainder operator; and 
15 N FFT (N FFT is an integer and N FFT > 0) denotes an FFT point. 

7. The transmitter as claimed in claim 3, wherein: 

said shift amount determining part determines the shift amount so that a value calculated by the following 
20 formula may be equal to or more than a fixed value: 

Re{s(tp+t') x s(tp-t')/s(tp) 2 } 

25 where: 

s(tp) denotes a symbol causing a peak of the OFDM signal, 
and t' denotes the shift amount; and 

30 said weight generating part generates the weights based on the shift amount. 

8. The transmitter as claimed in claim 3, comprising a plurality of the cyclic shifting parts, wherein: 

said shift amount determining part determines the shift amount for each of said plurality of cyclic shifting parts 
35 based on at least one of the OFDM signal and the cyclically shifted signal; and 

said weight generating part generates the weights based on at least one of the OFDM signal and the cyclically 
shifted signal. 

9. The transmitter as claimed in claim 2, wherein: 

said shift amount determining part determines a maximum shift amount according to the following require- 
ments, when a scattered pilot signal is applied: 



((the number of FFT points )/(pilot signal 
inserting interval)) > (maximum shift amount) + (impulse 
response length), 

based on an input channel impulse response and interval of the pilot signal in frequency direction.. 
10. The transmitter as claimed in claim 1, further comprising: 

a plurality of peak reducing parts, connected together in series or in parallel; wherein: 
each peak reducing part comprises: 
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an OFDM signal generating part generating an OFDM signal from input information signal; 
a cyclic shifting part generating a signal cyclically shifted from the OFDM signal; and 
an adding part adding the OFDM signal and the cyclically shifted signal together. 

11. The transmitter as claimed in claim 3, further comprising: 

a plurality of antennas, wherein: 

said shift amount determining part and said weight determining part determine the shift amount or the 
weights in such a manner that the shift amounts and the weights for different antennas may be different 
for each antenna. 

12. The transmitter as claimed in claim 3, comprising: 

a coefficient generating part determining a plurality of the shift amounts and the weights; 
a transmission weight generating part generating a second channel estimation value and generating a plurality 
of transmission weights, based on a channel estimation value, the plurality of shift amounts and weights; 
an ESDM signal generating part generating a plurality of ESDM signals based on the plurality of transmission 
weights; and 

a selecting part selecting, from the plurality of ESDM signals, a signal having a low peak. 

13. A transmission control method for a transmitter carrying out peak reduction processing, comprising the steps of: 

a) generating an OFDM signal from an input information signal; 

b) generating a signal cyclically shifted from the OFDM signal; and 

c) adding the OFDM signal and the cyclically shifted signal together. 
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